Background. The aim of this study was to examine ethanol-consumption-related changes in the effects of propofol on rat hippocampal acetylcholine (ACh) release.
Cholinergic neurones releasing acetylcholine (ACh) are distributed widely in the central nervous system. The hippocampus receives abundant extrinsic cholinergic innervation from the medial septal area containing cholineacetyltransferase-positive neurones, and so hippocampal ACh appears to play an important role in cognitive functions such as memory and learning. 1 Chronic ethanol consumption impairs hippocampal cholinergic neurotransmission, which is associated with a decline in memory performance. 2 3 Postoperative cognitive dysfunction is a common problem associated with higher mortality and complication rates, poor functional recovery and longer hospital stay. 4 Among many potential risk factors, alcohol abuse and age are the major risk factors for delirium after surgery. 4 5 In a previous study, we examined age-related changes in central cholinergic neurotransmission during anaesthesia, 6 because ageing is known to depress the septohippocampal cholinergic system. 7 We found that propofol decreased hippocampal ACh release in rats. We also found that old rats exhibited lower hippocampal ACh levels than young rats, and that the propofol-induced decrease in hippocampal ACh release and duration of loss of the righting reflex (LRR) were prolonged in old compared with young rats. 6 These results suggested that the ageing process suppresses recovery from the inhibitory actions on the septohippocampal cholinergic system induced by propofol. These age-related changes may be associated with postoperative cognitive dysfunction in the elderly.
Chronic ethanol consumption is also reported to cause hypofunction of the septohippocampal cholinergic system. We hypothesized that chronic ethanol consumption 
Methods and results
The study was approved by the Animal Care and Use Committee at Yokohama City University School of Medicine. Following the methods of previous studies, 2 8 male SpragueDawley rats were administered ethanol in drinking water (20% v/v) while control animals received tap water. The ethanol concentration was initially 5%, and was increased progressively by 5% every week until a 20% concentration was reached. This was then maintained for 24 weeks. After the treatment period, ethanol was withdrawn. Subsequently, animals were maintained on water for 4 weeks before experiments were started to avoid the possible effects of withdrawal. Experimental animals did not show the typical signs of ethanol dependence, such as tremors of the tail and rigidity of the tail or body.
The microdialysis technique combined with highperformance liquid chromatography with electrochemical detection (HPLC-ECD) in freely moving rats was performed as previously described. 6 A guide cannula for penetration of the microdialysis probe was implanted into the right hippocampal region under pentobarbital anaesthesia. At least 2 days elapsed before the measurements. After 120 min of dialysis equilibration, the dialysate was collected every 20 min. After collecting three initial samples, propofol (Zeneca Pharma, Japan) was administered intraperitoneally. An anaesthetic state was defined as the LRR, and we evaluated the duration of LRR. ACh recovery through the probe at a flow rate of 2 ml min À1 was 14.6 (SEM 1.2)% (n=8). All results are expressed as means (SEM). Values are expressed as a percentage of basal ACh release, with basal release being the average of the three initial collections before administration of propofol. The time-dependent change in ACh release was analysed by ANOVA with repeated measures, followed by Fisher's protected least significant difference test for multiple comparisons. The difference between the data obtained from the two groups was analysed using Student's unpaired t-test. P<0.05 was regarded as significant.
Body weights in ethanol-treated and control rats were 552.0 (16.5) g and 613.0 (13.7) g, respectively. There was a significant difference between the groups. The duration of LRR with propofol 100 mg kg À1 in ethanol-treated and control rats was 48.8 (5.6) min and 40.2 (15.7) min, respectively. There was no significant difference between the two groups. Propofol 50 mg kg À1 i.p. did not induce LRR in either group.
ACh release was stable for 120 min after the beginning of perfusion. Baseline ACh release (with no correction for recovery) from the hippocampus in ethanol-treated rats and control rats, in 20-min samples, was 1.7 (0.2) pmol/20 min (n=12) and 2.2 (0.3) pmol/20 min (n=12), respectively. There was no significant difference between these values. Propofol 50 mg kg À1 i.p. significantly decreased basal hippocampal ACh release in ethanol-treated and control rats by 50.4 (4.7) % and 38.3 (11.1) %, respectively (Fig. 1A) . Propofol 100 mg kg À1 i.p. significantly decreased basal hippocampal ACh release in ethanol-treated and control rats by 67.5 (3.7)% and 55.9 (7.4)%, respectively (Fig. 1B) . These changes induced by 50 or 100 mg kg À1 i.p. propofol were not significantly different between ethanoltreated and control rats.
Discussion
In the present study, we administered ethanol in drinking water for 24 weeks and performed microdialysis after four ethanol-free weeks in order to eliminate the influences of alcohol withdrawal and the persistence of alcohol in blood. Casamenti and colleagues 8 demonstrated that the same paradigm of ethanol treatment resulted in a decrease in choline acetyltransferase with no change in basal ACh release in rat cerebral cortex and hippocampus. They also showed that the body weight in ethanol-treated rats was lower than that in control animals. Our findings for basal ACh release and body weight are consistent with their results, confirming that our ethanol intoxication model is reliable and comparable.
Chronic ethanol consumption is considered to cause hypofunction of the septohippocampal cholinergic system, although changes in basal hippocampal ACh levels vary depending on the model. 2 8 9 We expected that the propofolinduced decrease in hippocampal ACh release might be prolonged in ethanol-treated rats, possibly due to impairment of the cholinergic nervous system, as observed in the ageing model. However, we did not find any significant difference in basal ACh release or the effects of propofol between ethanol-treated and control rats. In addition, there was no significant difference in the duration of LRR between the two groups after administration of the same dose of propofol corrected for body weight. These results suggest that chronic ethanol consumption and ageing differentially affect basal hippocampal ACh release, and that chronic alcohol intake does not enhance propofol-induced inhibition of the septohippocampal cholinergic system after a sufficient period for abstinence.
One of the pharmacological targets for ethanol is the GABA A receptor, whose function and expression decrease after chronic administration of ethanol. 10 It is known that septal GABAergic interneurones play an important role in controlling hippocampal ACh release. Our finding that there was no significant difference in the inhibitory effects of propofol on rat hippocampal ACh release between the two groups implies that GABA A receptor function was preserved after a 24-week period of ethanol administration. Although the precise mechanisms have not been determined, one possible explanation is that impaired GABA A receptor function in the hippocampus can recover during ethanol abstinence. Further studies are needed to clarify these suggestions.
In conclusion, our results demonstrate that there is no significant difference in basal ACh release or the inhibitory effects of propofol on rat hippocampal ACh release between ethanol-treated and control rats. These findings are inconsistent with the notion that chronic ethanol intake enhances propofol-induced inhibition of the hippocampal cholinergic system and related mental dysfunction.
